& The temporally graded memory impairment seen in many neurobehavioral disorders implies different neuroanatomical pathways and/or cognitive mechanisms involved in storage and retrieval of memories of different ages. A dynamic interaction between medial-temporal and neocortical brain regions has been proposed to account for memory's greater permanence with time. Despite considerable debate concerning its time-dependent role in memory retrieval, medialtemporal lobe activity has been well studied. However, the relative participation of neocortical regions in recent and remote memory retrieval has received much less attention. Using functional magnetic resonance imaging, we demonstrate robust, temporally graded signal differences in posterior cingulate, right middle frontal, right fusiform, and left middle temporal regions in healthy older adults during famous name identification from two disparate time epochs. Importantly, no neocortical regions demonstrated greater response to older than to recent stimuli. Our results suggest a possible role of these neocortical regions in temporally dating items in memory and in establishing and maintaining memory traces throughout the lifespan. Theoretical implications of these findings for the two dominant models of remote memory functioning (Consolidation Theory and Multiple Trace Theory) are discussed. &
INTRODUCTION
A number of neurobehavioral disorders exhibit retrograde memory impairment characterized by a ''temporal gradient,'' in which remote memories are better preserved than more recently learned information. The notion of temporally graded memory impairment dates to Ribot (1881) , who suggested that brain injury disrupts premorbid memories in the inverse order of their development. The temporal gradient is of considerable theoretical importance to neuroscientists for several reasons. First, temporally graded memory impairment implies a different cognitive mechanism for the storage and retrieval of memories of different ages (e.g., Conway & Haque, 1999; Fitzgerald, 1996) . Older memories appear to have established a greater permanence than more recent memories in this ''first-in, last-out'' organization. Second, the varieties of neuropathological lesions that produce temporally graded memory impairment suggest differences in the neuroanatomical substrates that support recent and remote memory retrieval (e.g., Moscovitch, Nadel, Winocur, Gilboa, & Rosenbaum, 2006; McClelland, McNaughton, & O'Reilly, 1995; Butters & Cermak, 1986) . Finally, the temporal gradient has traditionally been thought to reflect a dynamic interaction between medial-temporal and neocortical brain regions, whereby memories achieve permanence with time (Moscovitch & Nadel, 1998; Nadel & Moscovitch, 1997; Squire & Alvarez, 1995) . However, the nature of this interaction and the relative roles of the medialtemporal lobe and the neocortex during retrieval of memories of different ages remain to be established.
Functional neuroimaging has only recently been used to study these aspects of remote memory retrieval. Although the role of the medial-temporal lobe in recent and remote memory functioning has been well studied, there is still considerable debate regarding the necessary involvement of this region in retrieval of older memories (Moscovitch & Nadel, 1998; Nadel & Moscovitch, 1997; Squire & Alvarez, 1995) . Furthermore, because the principal focus of most previous investigations has been on the medial-temporal lobe, the relative involvement of neocortical regions in recent and remote memory retrieval has received much less attention. Retrieval of autobiographical material (Maguire & Frith, 2003; Ryan et al., 2001) or recognition of famous faces (Bernard et al., 2004; Haist, Bowden Gore, & Mao, 2001 ) and names (Douville et al., 2005 ) is consistently associated with medial-temporal lobe activation, regardless of whether the memoranda are of recent or remote origin, with one exception (Haist et al., 2001) . Temporally graded hippocampal activation, with recent stimuli evoking greater activation than remote material, has been reported in right-hemisphere medial-temporal lobe structures (Douville et al., 2005; Maguire & Frith, 2003; Haist et al., 2001) , with exceptions noted in studies using recognition of recent and remote famous faces (Bernard et al., 2004) and recognition of recent and remote family photographs (Gilboa, Winocur, Grady, Hevenor, & Moscovitch, 2004) .
With respect to temporally graded neocortical activity, parametric decreases have been observed in right ventrolateral prefrontal cortex activity with increasing remoteness for autobiographical (but not public) events (Maguire, Henson, Mummery, & Frith, 2001) . They proposed that the degree of activation in this region may correspond to the degree of integration of the memory trace with contextual information (which may serve as a cue for a memory trace), tending to decline with increasing memory age. Gilboa et al. (2004) reported increased activation in the retrosplenial cortex for recent memories regardless of their vividness, in addition to increased activity in the inferolateral temporo-occipital cortex in response to remote memories. In contrast, Bernard et al. (2004) compared recognition of famous faces from the 1960s to the 1970s with famous faces from the 1990s, but no evidence of temporally graded activity was noted in medial-temporal or neocortical brain regions. However, the remote stimuli used in this study were persons with relatively enduring fame (e.g., John F. Kennedy). Therefore, memory traces associated with these remote stimuli may have been updated regularly, perhaps with a frequency that was similar to that of the recent stimuli.
A better understanding of the neocortical response to memories of different ages would address a number of yet unanswered questions regarding aspects of remote memory. For example, it would help determine the degree to which the neocortex participates early in the formation of a memory and whether this activity is maintained throughout the life of the memory. Also, initial theoretical accounts of the neocortical-hippocampal interaction during recent and remote memory retrieval have not been very specific regarding the location and expected time course of activity in the neocortex (cf. Moscovitch & Nadel, 1998; Nadel & Moscovitch, 1997; Squire & Alvarez, 1995) . However, recent studies have suggested that the prefrontal cortex may play a significant role in remote spatial memory retrieval and contextual fear conditioning (Frankland & Bontempi, 2005; Bontempi, Laurent-Demir, Destrade, & Jaffard, 1999 ; but see Rudy, Biedenkapp, & O'Reilly, 2005 for an alternative account of the role of the prefrontal cortex in remote memory retrieval). The prefrontal cortex may also potentially play a role in human remote memory retrieval by virtue of its involvement in performance monitoring and strategic search and retrieval of previously learned information (Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004; Fletcher & Henson, 2001 ). Indeed, Takashima et al. (2006) have reported an increase in neural activity in the medial prefrontal cortex (as well as a corresponding decrease in hippocampal activity) during retrieval of declarative memories after only 1 month.
In a previous functional magnetic resonance imaging (fMRI) study conducted on healthy older adults (Douville et al., 2005) , we compared activation patterns emanating from the medial-temporal lobe (bilateral hippocampal complex and parahippocampal gyrus) in response to a carefully standardized set of famous names from the 1950s (remote) and the 1990s (recent) relative to unfamiliar names. Our remote names were famous persons who were out of the public eye for many years, making their memory traces less likely to have been updated recently. The right hippocampal complex and the parahippocampal gyrus showed a temporally graded response (Recent > Remote > Unfamiliar), whereas the left hippocampal complex and the parahippocampal gyrus demonstrated significantly greater activation in response to the famous names, regardless of time epoch, relative to unfamiliar names (Recent = Remote > Unfamiliar). Importantly, all medial-temporal lobe structures showed increased activity in response to both recently acquired (within 5-10 years) and remotely acquired (within 40-50 years) famous names, relative to unfamiliar names. In the current study, which is based on the same imaging dataset, we now focus our attention on changes in neocortical activation during recognition of recent and remote famous names in the same group of healthy older adults.
METHODS Participants
Participants were 15 healthy older adults (10 women and 5 men) with a mean age of 70.4 years (SD = 6.4 years, range = 60-79 years) and a mean education of 15.4 years (SD = 2.5 years, range = 12-20 years). Participants were strongly right-handed (mean laterality quotient = 92.7, range = 84-100) on the Edinburgh Handedness Inventory (Oldfield, 1971) . None of the participants reported a history of neurological disease, major psychiatric disturbance, substance abuse, or were taking psychoactive prescriptive medications. Prior to the scanning session, participants underwent cognitive screening. All participants performed within normal limits on the Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) [mean = 29.2, SD = 0.97, range = 27-30] and on the Repeatable Battery for Assessment of Neuropsychological Status (Randolph, 1998; Randolph, Tierney, Mohr, & Chase, 1998) 
Stimuli
Name stimuli were selected through a carefully standardized pilot study conducted on 24 young and 24 older individuals (Douville et al., 2005) . From an initial corpus of 784 famous names selected from the Internet, trivia books, and magazines and newspapers, along with unfamiliar names selected from a metropolitan telephone directory, a pool of 30 names from each of four categories were obtained. Stimuli consisted of persons who achieved public prominence between 1990 and 2000 (Recent stimuli: correctly identified by 90% of older and younger participants), persons who achieved prominence between 1950 and 1965 but who have been out of the public eye for some time and are not as likely to appear frequently in the news or entertainment media (Remote stimuli: correctly identified by 90% of older and only 10% of younger participants), and unfamiliar names (Unfamiliar stimuli: correctly identified as unfamiliar by 90% of older and younger participants). A fourth stimulus category that was included, but was not directly examined, in this study represented persons who achieved fame between 1950 and 1965 and are still well-known (correctly identified by 90% of older and younger participants).
Procedure

Imaging Task
Participants viewed a series of individually presented names and were asked to indicate using a button press whether the presented name was that of a famous individual. Name stimuli were presented visually in a random order at the rate of 4 sec per stimulus. Inactive periods (4 sec), consisting of a single centrally placed fixation crosshair, were randomly interspersed in a 2:1 ratio (name/fixation trials). Participants were requested to respond to names judged to be famous by making a right index finger keypress, while they were asked to make a right middle finger keypress in response to names judged to be unfamiliar. Stimuli were presented in three imaging runs of 30 trials each (10 stimuli from each of the three name conditions, 15 fixation trials). Twelve seconds of fixation were added to both the beginning and the end of each run. Run order was counterbalanced across subjects.
Functional Magnetic Resonance Imaging
Whole-brain, event-related fMRI was conducted on a commercial 1.5-Tesla scanner (Signa; General Electric Medical Systems, Milwaukee, WI) equipped with a threeaxis local gradient head coil and an elliptical end-capped quadrature radio-frequency coil (Medical Advances, Milwaukee, WI). Echo-planar images were collected using a single-shot, blipped, gradient-echo echo-planar pulse sequence [echo time (TE), 40 msec; field of view (FOV), 24 cm; matrix size, 64 Â 64]. For the three imaging runs, 22 contiguous sagittal 6-mm-thick slices were selected to provide coverage of the entire brain (voxel size = 3.75 Â 3.75 Â 6 mm). The interscan interval [repetition time (TR)] was 2 sec. During each imaging series, 132 sequential echo-planar images were collected. At the beginning of the scan session, high-resolution, three-dimensional spoiled gradient-recalled at steadystate (SPGR) anatomic images were acquired [TE = 5 msec; TR = 24 msec; flip angle = 408; number of excitations (NEX) = 1; slice thickness = 1.2 mm; FOV = 24 cm; resolution = 256 Â 192]. Foam padding was used to reduce head movement within the coil.
Functional images were generated using the Analysis of Functional NeuroImages (AFNI) software package (Cox, 1996) . Each image time series was spatially registered in-plane to reduce the effects of head motion using an iterative linear least squares method. A deconvolution analysis was used to extract separate hemodynamic response functions (HRFs) for each of the three types of name stimuli used in this study. In addition, only correct responses (true positives for famous names and true rejections for unfamiliar names) were incorporated into the estimate of the HRF for each stimulus type. HRFs were modeled for the 2-14 sec period poststimulus onset. Individual anatomical and functional scans were linearly interpolated to 1 mm 3 voxels, coregistered, and transformed into standard stereotaxic space (Talairach & Tournoux, 1988) . To compensate for normal variation in anatomy across subjects, functional images were blurred using a 4-mm Gaussian fullwidth half-maximum filter.
Voxelwise Analysis
Three voxelwise t-test subtractions were conducted on the area under the curve (AUC) of the HRF at 4, 6, and 8 sec poststimulus onset: Recent À Unfamiliar, Remote À Unfamiliar, Recent À Remote). A voxelwise statistical threshold was applied [t(14) = 3.787, p < .001], along with a minimum cluster size threshold (Forman et al., 1995) of 0.250 Al, in order to minimize false-positive activation foci from the brain maps.
Functional Region-of-Interest Analysis
Thirteen functional regions of interest (ROIs) were defined by conjoining the results of the three voxelwise comparisons. Any voxel deemed ''activated'' by the Recent À Unfamiliar, Remote À Unfamiliar, or Recent À Remote voxelwise subtractions contributed to the final functional ROI map (see Table 2 ). Averaged HRFs were then calculated for each of the 13 functional ROIs for each subject as a function of stimulus type. For each region, one-way repeated-measures analyses of variance (ANOVAs) were conducted on the AUC estimates for each name condition. These analyses were followed by pooled variance t tests with Bonferroni-corrected significance levels to compare each of the conditions in a pairwise manner (Recent vs. Unfamiliar, Remote vs. Unfamiliar, Recent vs. Remote).
RESULTS
Accuracy (correct recognition of famous names, correct rejection of unfamiliar names) exceeded 90% correct and did not differ across stimulus categories [M Recent = 92.8%, SD = 8.6, 95% Confidence interval (CI) = 88.0% to 97.6%; M Remote = 90.3%, SD = 7.9, 95% CI = 85.9% to 94.7%; M Unfamiliar = 94.6%, SD = 6.4, 95% CI = 91.1% to 98.1%; F(2, 28) = 1.30, p = .288]. Reaction times (RTs) differed across the three categories [F(2, 28) = 12.90, p < .001], with RTs for rejection of unfamiliar stimuli (M = 1540 msec, SD = 388) being slower than for recognition of recent (M = 1317 msec, SD = 287) and remote (M = 1242 msec, SD = 248) famous names; importantly, RTs for the remote and recent famous names were not significantly different ( p = .20).
Three voxelwise comparisons were performed across the three name conditions: Remote versus Unfamiliar, Recent versus Unfamiliar, Recent versus Remote. Significant clusters of activation for each comparison are presented in Table 1 and Figure 1 . Relative to unfamiliar names, remote famous names showed significant activations in the posterior cingulate, left superior frontal gyrus, bilateral middle temporal gyrus, anterior cingulate, right caudate, left precuneus, right fusiform gyrus, and left middle and medial frontal gyrus. The RecentUnfamiliar comparison resulted in a generally larger spatial extent of activation than the Remote-Unfamiliar comparison in most of the same brain regions. Additional areas showing significant activations in the RecentUnfamiliar contrast included the left anterior middle temporal gyrus, the right parahippocampal gyrus, the left precuneus, the left inferior frontal gyrus, and the right middle frontal gyrus. However, the significant clusters seen in the left middle and medial frontal gyri and the right fusiform gyrus in the Remote-Unfamiliar contrast were not observed in the Recent-Unfamiliar contrast. No areas demonstrated greater activation for the unfamiliar relative to familiar names. The comparison of remote and recent famous name conditions revealed a significant cluster of activation exclusively in the posterior cingulate cortex, suggesting evidence of a temporally graded response with stimulus age (Recent > Remote). There were no areas that demonstrated greater activation in the remote relative to recent conditions. A functional ROI analysis (see Methods) was performed as a follow-up to the voxelwise analysis to evaluate possible differences across conditions in MR signal intensity, as reflected by the AUC of the HRF. Averaged HRFs were computed from a conjunction map consisting of 13 regions derived from the voxelwise analysis (Table 2) . Repeated-measures ANOVAs revealed significant omnibus differences ( p < .001) across the three name conditions (Table 2) . Bonferroni-corrected pairwise comparisons ( p < .05) demonstrated significantly greater MR signal intensity change in the HRF for the recent famous names relative to the unfamiliar names for all 13 regions, and significantly greater MR signal intensity change for the remote famous names relative to the unfamiliar names for all regions except the left precuneus. Significantly greater MR signal intensity change, indicating a temporal gradient effect, was seen for the recent famous names relative to the remote famous names in the posterior cingulate, left middle temporal gyrus, right middle frontal gyrus, and right fusiform gyrus (Figure 2 ).
DISCUSSION
In this event-related fMRI study, we demonstrate that retrieval of recent and remote memories differentially activates several neocortical regions, including the posterior cingulate, right middle frontal and fusiform, and left middle temporal areas, with decreasing activation seen in response to older stimuli. All neocortical regions showed either no difference or a temporally graded decline in activity in response to older stimuli. Given the differential response of these brain regions to memories of different ages, these areas may act in concert with the hippocampal complex and the diencephalon to establish new memory traces as well as to reactivate established memory traces associated with older memories. The differential response of these regions to memory age may also serve as a mechanism for temporally dating items in memory. Although a number of other brain regions showed activation in response to recognition of both recent and remote famous names relative to unfamiliar names, there were no neocortical regions that demonstrated greater activation in response to older stimuli. Combined with the results of our previous ROI study focusing exclusively on medial-temporal lobe structures (Douville et al., 2005) , as well as research investigating briefer time epochs (Rekkas & Constable, 2005) , the current study suggests that activity of neocortical regions in response to retrieval of memories of different ages largely parallels that of the medialtemporal lobe. The temporally graded activation we observed in the left middle temporal region may correspond to timedependent changes in the representation of verbal memory traces associated with the names of familiar persons (Leveroni et al., 2000) . Furthermore, activation in this region has previously been reported during retrieval of semantic information associated with famous individuals (Gorno-Tempini et al., 1998) and during a semantic memory retrieval task (Graham et al., 2000 , cited in Patterson & Hodges, 2000 . This region has also shown increased activation in response to previously presented (i.e., familiar) items relative to novel items (Yonelinas, Hopfinger, Buonocore, Kroll, & Baynes, 2001) . Studies of patients with semantic dementia have revealed focal atrophy in lateral temporal structures, and these patients show impaired semantic knowledge that contrasts with intact anterograde learning (Patterson & Hodges, 2000) . Thus, it is possible that this region may support semanticization of memories over time (Snowden, Griffiths, & Neary, 1996; Warrington & McCarthy, 1988; Butters & Cermak, 1986) . The right fusiform activation may correspond to similar time-dependent changes in visuospatial person-identity representations (e.g., faces) associated with the famous names. The right fusiform region has been associated with face recognition and processing (Sperling et al., 2001 (Sperling et al., , 2003 Bernstein, Beig, Siegenthaler, & Grady, 2002) and may be involved in processing specific features of visual objects (Garoff, Slotnick, & Schacter, 2005; Simons, Koutstaal, Prince, Wagner, & Schacter, 2003; Koutstaal et al., 2001 ). For example, a decline with increasing remoteness in the association between a person's name and the mental image associated with the name may occur (Pigott & Milner, 1993) . Temporally graded activity in the right middle frontal regions might be associated with strategic memory search (Ridderinkhof et al., 2004; Fletcher & Henson, 2001) . Although the region of activation in this study was more lateral and dorsal compared to the ventromedial area reported by Takashima et al. (2006) , it may, nevertheless, reflect a neocortical memory storage site. Interestingly, increases in cortical thickness in this region have been associated with recall of verbal material after months, but not after minutes (Walhovd et al., 2006) . Given the substantial temporally graded activation associated with the posterior cingulate region, we consider the role of this region in memory functioning in greater detail below.
Posterior Cingulate Cortex and Memory Functioning
The finding of greater activation of the posterior cingulate to recent relative to remote memories may provide some clues as to its role in establishing and maintaining memory traces. Given the extensive reciprocal connections between the posterior cingulate and cells that give rise to the perforant pathway into the hippocampus (Kobayashi & Amaral, 2003) , as well as its connections with the mid-dorsolateral prefrontal cortex (Morris, Pandya, & Petrides, 1999; Goldman-Rakic, Selemon, & Schwartz, 1984) , anterior thalamic nuclei (Shibata & Yukie, 2003; Amaral & Cowan, 1980) , superior temporal sulcus (Morris et al., 1999) , posterior parietal cortex (Morris et al., 1999; Kolb & Walkey, 1987) , the dorsal visual system dedicated to spatial processing (Kobayashi & Amaral, 2003) , and the frontal eye fields (Stanton, Bruce, & Goldberg, 1995; Selemon & Goldman-Rakic, 1988) , this region may play a key role in coordinating multimodal input from a variety of brain regions in the formation of a memory trace. By virtue of its extensive interconnections with other brain regions, the posterior cingulate region may participate in the formation of new memory traces and in the reactivation of established memory traces by providing varying degrees of multimodal input.
Our finding that the posterior cingulate region played a pivotal role in retrieving names of recently and remotely famous individuals is consistent with findings showing that lesions in this region can produce retrograde memory impairment. As early as 1929, tumors involving the retrosplenial/posterior cingulate were noted to produce memory disorders (Ironside & Guttmacher, 1929) . Subsequent studies indicated that such lesions can cause visual perceptual impairment, as well as retrograde (by as much as 10 years) and anterograde amnesia, due to disruption of the thalamocortical input to the medialtemporal lobe that traverses through retrosplenial/posterior cingulate regions (Gainotti, Almonti, Di Betta, & Silveri, 1998; Rudge & Warrington, 1991; Valenstein et al., 1987) . Furthermore, a number of neuroimaging studies have extended the findings of human lesion reports, suggesting that metabolic activity and perfusion in the posterior cingulate region may be impaired in patients with disorders associated with temporally graded preservation of earlier memories, such as mild cognitive impairment, Alzheimer's disease, and Wernicke-Korsakoff syndrome (Eustache et al., 2004; Ivanoiu, Cooper, Shanks, & Venneri, 2004; Huang, Wahlund, Svensson, Winblad, & Julin, 2002; Tanaka et al., 2002; Kazui et al., 2000; Greene, Hodges, & Baddeley, 1995; Hodges, Salmon, & Butters, 1993; Kopelman, 1989) and even in persons with genetic susceptibility to develop Alzheimer's disease (Reiman et al., 1996 (Reiman et al., , 2001 Small et al., 2000) .
Functional activation studies of healthy individuals have demonstrated a prominent role of the retrosplenial/ posterior cingulate region not only in episodic memory retrieval and familiarity (Henson, Rugg, Shallice, Josephs, & Dolan, 1999; Rugg, Fletcher, Frith, Frackowiak, & Dolan, 1997; Fletcher, Shallice, Frith, Frackowiak, & Dolan, 1996; Fletcher et al., 1995; Nyberg et al., 1995; Grasby et al., 1993) but also during the acquisition and retrieval of public and autobiographical person familiarity (Gilboa et al., 2004; Maddock, Garrett, & Buonocore, 2001; Shah et al., 2001; Leveroni et al., 2000) . Affective associations with famous names may also change with time and might underlie the temporally graded response seen in this region (Maddock, 1999; Fink et al., 1996) . Wagner, Shannon, Kahn, and Buckner (2005) provide an excellent review of additional roles of the retrosplenial/ posterior cingulate region and the surrounding parietal cortex in a variety of aspects of memory functioning. Thus, the posterior cingulate region appears to play a substantial role in the general acquisition and retrieval of episodic memories, familiarity, and person identity information in particular. Our study extends these findings by demonstrating that the posterior cingulate region shows evidence of temporally graded activity in response to recognition of person-identity information for publicly famous individuals learned as long as 50 years earlier.
Theoretical Implications
Consolidation Theory (Squire & Alvarez, 1995) attributes a critical role to the hippocampal complex for retrieving recently learned (but not remotely learned) information and acknowledges a dynamic interaction between medial-temporal structures and neocortical regions early in the formation of a memory. Consolidation Theory does not explicitly specify whether or how neocortical activity might be expected to differ between recent and remote memory retrieval, although decreasing medial-temporal lobe involvement in response to older memories was clearly proposed. However, other investigators have suggested that Consolidation Theory would predict that retrieval of recent memories would produce greater hippocampal activation and less neocortical activation, whereas remote memory retrieval would produce greater neocortical activation and diminishing hippocampal activation as cortical representation of remote memories becomes independent of the medial-temporal lobe (Meeter & Murre, 2004; Ryan et al., 2001) . In contrast to these predictions, our current findings suggest greater neocortical activation associated with more recent memories, which parallels our previous findings (Douville et al., 2005) , particularly for the right hippocampal complex and parahippocampal gyrus. This neocortical activity may reflect greater processing that is associated with recent memories, perhaps in association with greater input from medial-temporal structures.
In contrast, Multiple Trace Theory (Nadel, Samsonovich, Ryan, & Moscovitch, 2000; Moscovitch & Nadel, 1998; Nadel & Moscovitch, 1997) suggests that the hippocampal formation and the surrounding medial-temporal neocortex play an enduring and parallel role in retrieval of all memories, regardless of age, by forming a hippocampal-neocortical ensemble of memory traces. Reactivations of previously established memory traces, formed by repeated retrievals of the memory, are assumed to be sparse and distributed, with each reactivated trace sharing at least some of the information related to the initial episode. On the basis of this theory, Ryan et al. (2001) have stated that neocortical activation would specifically not be expected to increase with time. In fact, neocortical activation may even decrease in response to retrieval of older information because well-established traces associated with older memories would have established a richer and more diffusely distributed network of memory traces over time relative to recently established traces. The pattern of neocortical activity observed in this study largely fit this prediction.
In the current study, only the right parahippocampal gyrus showed significant differences between the Recent versus Unfamiliar and Remote versus Unfamiliar conditions in our voxelwise analyses. Our previous study (Douville et al., 2005) , using the same imaging dataset, focused solely on the hippocampal complex and the parahippocampal gyrus, and found significant activity in both structures bilaterally for the two time epochs relative to the unfamiliar condition. It is important to note that in the Douville et al. (2005) study, we applied less stringent individual voxel probability ( p = .005) and minimum cluster size (0.20 ml) thresholds to define activated voxels because the overall search space was limited a priori to the medial-temporal lobe. In the current study, the search space involved the whole brain; as such, we applied more stringent individual voxel probability ( p = .001) and cluster size (0.25 ml) thresholds to achieve an overall probability of detecting a falsepositive cluster at the p = .05 level. The application of less stringent threshold criteria to uncover hippocampal responses has precedent in previous studies (e.g., Piefke, Weiss, Zilles, Markowitsch, & Fink, 2003) .
Limitations of the Present Study
From our stimulus development phase (Douville et al., 2005) , ratings of depth of semantic knowledge associated with each of the stimulus items did not differ significantly for the recent and remote categories, although occupational category was reported more accurately for the remote category, and knowledge of whether the individual was still living was reported more accurately for the recent category. Nevertheless, it is possible that recent stimuli could be associated with other aspects of semantic knowledge that were not measured in this study that may fade with time. Therefore, we cannot conclusively rule out the possible influence of temporal differences in semantic knowledge of stimuli on our imaging results. However, in the present study, neither accuracy nor RT differed significantly across the recent and remote conditions, tending to argue against the possibility that depth of semantic knowledge may have been systematically reduced in the remote condition relative to the recent condition. In addition, the definition of recent and remote memories is important to consider, as the time periods selected for study could affect the pattern of results. Rekkas and Constable (2005) contrasted autobio-graphical episodic memories 2.5 days old versus 8 years old. Although temporally graded neocortical activity was not reported, activation in the parahippocampal, prefrontal, and mid-temporal gyri, and the temporal-parietal junction, posterior cingulate, and precuneus was common to both types of memory retrieval. However, hippocampal activity was greater during recall of remote events, which is contrary to Consolidation Theory. In contrast, Takashima et al. (2006) found a decline in hippocampal activity and a corresponding increase in the ventral medial prefrontal cortex over a 3-month period. Finally, it is possible that recent memories could be more vivid or ''stronger'' than remote memories, which could plausibly account for their greater extent of activation. However, Bunge, Burrows, and Wagner (2004) reported a negative correlation between the anterior cingulate cortex (ACC) and the hippocampus, such that increased ACC activity was associated with attempts to recall less vivid memories. That is, the ACC was engaged when processes associated with hippocampal activity required additional input during retrieval of weaker stimuli. In our study, the ACC was activated during both recent and remote conditions, with no difference seen between the two conditions (see Table 1 ). Further, RTs and accuracy for recent and remote stimuli were not significantly different. Therefore, we do not believe that vividness or strength of memories accounted for the differences in activation pattern across conditions seen in our study.
The extent to which our results would generalize to younger participants is also open to question, although this issue is difficult to conclusively resolve given that age and temporal gradient duration are confounded. In a recent article from our group (Nielson et al., 2006) , compared with younger adults, older adults exhibited more extensive and greater activation in most brain regions during retrieval of remotely (1950s-1960s) but continuously famous names (e.g., Frank Sinatra) and recently famous names. That is, older participants showed more extensive and greater activation encompassing largely the same regions as younger participants. These results suggest that at least during recognition of public figures that have been continuously or recently famous, older and younger adults do show a similar pattern of activation. However, older adults exhibited more extensive areas of activation, suggesting functional recruitment to support task performance. Clearly, the age of the memories associated with the remote material differed for the two groups; without a comparable younger group with a similar duration of remote memories to contrast with the older group, the generalizability of our temporal gradient findings to younger participants is difficult to evaluate. Maguire et al.'s (2001) proposal that the degree of activation in the neocortex may reflect the degree of integration between a memory trace and contextual information is one possible explanation for the temporally graded neocortical responses observed in our study. We propose an alternative but compatible account for the temporally graded decreases in activity with memory age observed in this study. Greater activity in a given neocortical region would be expected for newer memories, as multiple, diffusely distributed traces have not yet been extensively established. Because older memories have likely undergone multiple reactivations, producing a richer and more efficiently distributed network of traces, reactivation of a memory trace associated with an older memory would activate a substantially more cohesive but distributed network of traces. Therefore, due to their more extensive, diffuse representation, older memories are not as likely to exhibit the same degree of localized activation as a more recently generated memory trace. In fact, they may have become more semanticized with time, making them less dependent on episodic context for their retrieval (Snowden et al., 1996; Warrington & McCarthy, 1988; Butters & Cermak, 1986) . Recognition of any famous person clearly has aspects of semantic memory (knowledge of facts pertaining to the individual) and autobiographical/episodic memory (personal significance of a public figure or recollection of autobiographical events associated with the famous person) to varying degrees (Westmacott, Black, Freedman, & Moscovitch, 2004; Westmacott & Moscovitch, 2003) . The relative episodic and semantic characteristics associated with a memory of a public figure might therefore be expected to affect its neural representation over time.
Conclusions
When combined with our previous report (Douville et al., 2005) , our current findings suggest that the medial-temporal lobe and neocortical activity may work in concert in the retrieval of relatively recent (within the last 5 years) versus remote (as much as 50 year old) memories. Each act of retrieval of a memory trace may serve to enhance encoding. Regardless of memory age, hippocampal activity would serve as a pointer to the corresponding neocortical representation of the memory trace, thereby reactivating the experiential component of the memory trace and contributing to the further strengthening and stabilization of the memory trace (Frankland & Bontempi, 2005; Moscovitch et al., 2005) . The temporally graded decreases in activity associated with older memories may reflect a decline in associations between memory traces and their associated contextual/experiential information (Maguire et al., 2001) as the neocortical representation of the trace expands and strengthens, consequently, needing less contextual/ experiential input to facilitate recollection. This temporally diminished activation may also be due to a richer, more efficiently distributed network of memory traces associated with well-established, older, and semanticized memories. Our findings also suggest a possible role of the neocortex in temporally dating items in remote memory and in establishing and maintaining memory traces throughout the lifespan.
